Low-Noise Chainwheel 



DESCRIPTION 



Background of the invention 

[Para 1] The present invention relates to bicycle derailleur shifting systems 
and more particularly to a chainwheel assembly including a larger diameter 
chainwheel having at least one tooth group configured to reduce noise when 
shifting a chain from a smaller chainwheel to the larger chainwheel. 

[Para 2] A conventional derailleur shifting system includes a driving 
chainwheel assembly, a driven chainwheel assembly and a chain extending 
therebetween. At least one of the chainwheel assemblies includes a plurality 
of chainwheels having varying tooth counts. The chain includes successive 
pins connecting pairs of inner and outer link plates arranged in alternating 
sequence. A derailleur shifts the chain between chainwheels. As the chain is 
shifted from a smaller chainwheel to a larger chainwheel, it forms a transition 
region extending from a chain link that is last to engage between the two teeth 
of the smaller diameter chainwheel to a chain link that is first to engage 
between two teeth of the larger chainwheel. The first tooth on the larger 
chainwheel, in the drive rotation direction, before the space into which a chain 
link would fit during the shifting operation is referred to as the reference 
tooth, while the tooth that is the first to penetrate between a pair of link plates 
is referred to as the chain capture tooth. During the shifting of the chain from 
a smaller chainwheel to a larger chainwheel, the chain capture tooth first fits 
between a pair of outer link plates because the spacing between the outer link 
plates is wider than the spacing between a pair of inner link plates. During the 
shifting operation, a pair of inner link plates presses tightly against the tooth 
located before the chain capture tooth, in the drive rotation direction, thus 
facilitating penetration of the chain capture tooth between the outer link plate 
pair. Since the gap between the inner link plates is narrow, a centerline of the 
transition region of the chain comes closer to the chain capture tooth when the 
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inner link plate is against the larger chainwheel than when an outer link plate 
is against the larger chainwheel. 

[Para 3] To facilitate the shifting of the chain from the smaller chainwheel to 
the larger chainwheel, features have been provided on the teeth of the larger 
chainwheel to define the course of the transition region of the chain. For 
example, US Patent No. 4,268,259 discloses a chainwheel assembly engagable 
by a roller chain for a derailleur shifting system. To improve the shifting 
operation, a smaller chainwheel and a larger chainwheel are arranged such 
that a center between a pair of adjacent teeth on the larger chainwheel is 
positioned on a tangent extending from the center between a pair of adjacent 
teeth on the smaller chainwheel. The distance between the two centers is 
equal to an integer multiple of the chain pitch. With this configuration, the 
first tooth that is behind the center on the larger chainwheel, in the driving 
rotation direction, is the chain capture tooth. When a pair of outer link plates 
arrives at the chain capture tooth, the chain capture tooth penetrates into the 
wide space between the outer link plates. However, when a pair of inner link 
plates arrives at the chain capture tooth, the chain capture tooth does not 
penetrate into the narrow space between the inner link plates. Thus the 
following tooth that also has a configuration of a chain capture tooth 
penetrates the wide space between the next pair of outer link plates. Having 
two adjacent chain capture teeth and the tangential spacing between the larger 
and smaller chainwheels facilitates the shifting of the chain from the smaller to 
the larger chainwheel. 

[Para 4] European Patent No. 0 313 345 discloses another example of a 
chainwheel assembly engageable by a roller chain for a derailleur shifting 
system. To improve the shifting of the chain from a smaller chainwheel to a 
larger chainwheel, the two chainwheels are oriented to have defined tooth 
positions with respect to each other and certain teeth on the larger chainwheel 
have recesses on a front face of the larger chainwheel facing the smaller 
chainwheel. Additionally, the larger chainwheel includes at least one tooth, 
after the recess in the drive rotation direction, configured to fit into the gap 
between the outer link plates. Thus, this tooth functions as a chain capture 
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tooth. If a pair of inner link plates is located at the chain capture tooth, the 
chain capture tooth cannot fit into the narrow gap between the inner link 
plates. The inner link plate runs laterally past the chain capture tooth and the 
next tooth becomes the chain capture tooth that fits into the wider gap of the 
outer link plates. Accordingly, three teeth may be configured as chain capture 
teeth or chain capture teeth, while the remaining teeth are configured to be 
nonengaging teeth. The depth of the recesses approximately equals a 
thickness of the link plate and are configured as run-in or run-on ramps that 
facilitate the shifting of the chain from a smaller chainwheel to a larger 
chainwheel. 

[Para 5] One drawback of the above chainwheel designs is that they cause 
shifting noises. A shifting of the chain from a smaller chainwheel to a larger 
chainwheel is accomplished by the derailleur laterally engaging the chain at an 
unloaded or untension segment of the chain, allowing the shifting operation to 
be initiated with low shifting forces and the untension chain segment to move 
to the larger chainwheel. At the same time, the tension segment of the chain 
is still located on the smaller chainwheel. However, as the chainwheel 
assembly continues to rotate, the previously untension chain segment moves 
into the tension chain segment. The tension segment of the chain rotates 
away from the last tooth of the smaller chainwheel and shifts from the smaller 
chainwheel to the larger chainwheel. This changes the axial position of the 
chain on the chainwheel assembly. When the tension segment of the chain 
shifts to the larger chainwheel, the chain slides up laterally on the large 
chainwheel and then jumps over the last tooth located before the chain 
capture tooth, rubbing over a back of the tooth, resulting in noise. Shifting 
noises are mainly caused by the tension segment of the chain. The greater the 
tension or load, the greater the angle between the chain segment sliding up 
laterally on the larger chainwheel tooth and the chain segment running off the 
larger chainwheel after the shifting operation, the greater the noise. 

Summary of the Invention 
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[Para 6] An object of the present invention is to provide a low-noise 
chainwheel assembly that eliminates or at least reduces the noises that occur 
as a tension chain segment jumps onto a larger chainwheel from a smaller 
chainwheel. This object is accomplished by ensuring that at the beginning of 
the shifting operation, the chain does not run onto a reference tooth and its 
following tooth. Further, the object is accomplished by ensuring that at the 
end of the shifting operation, the inner link plates located before the chain 
capture tooth come as close as possible to a back face of the larger chainwheel 
before the inner link plates jump over the corresponding tooth back, 
preventing the inner link plate from abruptly jumping over the back of the 
tooth located before the chain capture tooth. 

[Para 7] One embodiment of the present invention provides a chainwheel 
assembly for a derailleur shifting system that includes at least one smaller 
chainwheel, at least one larger chainwheel and a chain extending 
therebetween. The larger chainwheel and the smaller chainwheel are oriented 
relative to each other such that a distance defined between a center of the 
chain roller positioned between a pair of adjacent teeth on the larger 
chainwheel and the center of the chain roller between a pair adjacent teeth on 
the smaller chainwheel are substantially an integer multiple of the chain pitch. 

[Para 8] The larger chainwheel includes at least a first tooth of the pair of 
adjacent teeth on the larger chainwheel that includes a lateral recess disposed 
on a front face of the larger chainwheel facing the smaller chainwheel to allow 
the chain to move from the smaller sprocket towards the larger chainwheel. At 
least a second tooth of the pair of adjacent teeth disposed adjacent to the first 
tooth opposite the drive rotation direction has a configuration to prevent the 
second tooth from capturing the chain. Front faces of the first or reference 
tooth and the second or following tooth are configured such that chain link 
plate that slides, at the end of the shifting operation, laterally along the 
reference tooth can travel the longest possible axial distance toward a back 
face before it jumps over a back of the tooth. This is achieved by providing a 
recess on a front face of the larger chainwheel in the region of the reference 
tooth. The recess prevents, at the beginning of the shifting operation, 
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insertion of the reference tooth into the gap between the outer link plates. 
The following tooth has a deflection chamfer on a top of the tooth that tapers 
away from the drive rotation direction. Further, the following tooth may 
include a run-out chamfer located on an edge of the following tooth facing 
away from the reference tooth that extends from the tooth root to the tooth 
back. The run-out chamfer on the one hand assists the shifting operation in 
the initial phase by forming a shifting lane for the inner link plate; and on the 
other hand, together with the deflection chamfer on the tooth back, allows the 
inner link plate to come axially closer to the back face of the chainwheel as the 
inner link plate slides up at the end of the shifting operation. Accordingly, by 
having the recess or the deflection chamfer and the run-out bevel, the axial 
distance traveled by the inner link plate over the tooth before the chain 
capture tooth is minimized. 

[Para 9] The present invention also ensures that at the end of the shifting 
operation, the inner link plate is not located opposite an axially wide tooth, but 
rather is against a tooth having a recess or a deflection chamfer. As stated 
above, this is achieved by providing two teeth that do not function as chain 
capture teeth, a reference tooth having a recess and the following tooth 
disposed adjacent it having a recess or a deflection chamfer. The recesses on 
the reference tooth and on the following tooth have approximately the same 
contour. The recesses are located in the region of the teeth on a front face of 
the larger chainwheel and extend radially inward toward the height of the 
tooth root of the adjacent smaller chainwheel. The recess below the reference 
tooth, together with the flank of the following tooth, constitutes a run-on 
ramp extending oppositely to the drive direction, against which the front 
segment of the corresponding outer link plate can brace and onto which it can 
run, upon shifting onto the larger chainwheels. The run-on ramp extends to 
the tooth root, thereby delimiting the two recesses from each other. 

[Para 1 0] The primary function of the chainwheel teeth is to transfer torque 
but they also make the shifting operation easier or more difficult. Whether 
shifting of the chain from a smaller chainwheel to a larger chainwheel is 
successful is greatly influenced by the orientation of the tooth spacing of the 



Page 5 of 37 



two chainwheels and the shape of the teeth on the larger chainwheel. In order 
for the chain to shift to a larger chainwheel, the chain must be located next to 
a tooth space of the larger chainwheel and sufficient freedom of motion must 
also exist in the axial direction for the lateral deflection of the chain. A 
shifting lane that permits axial deflection of the chain is created by the lateral 
recess on the reference tooth and the following tooth disposed adjacent the 
reference tooth opposite the drive rotation direction. This reference tooth is 
located before a tooth space, in the drive rotation direction, that is currently 
next to a corresponding chain link of the transition segment of the chain. 

[Para 1 1] During a shift operation, when an outer link plate arrives next to the 
reference tooth, it braces itself against the run-on ramp, the following inner 
link plate pivots laterally past the following tooth disposed adjacent the 
reference tooth, and the gap between the following pair of outer link plates 
arrives over the second tooth following the reference tooth which is the chain 
capture tooth. The chain capture tooth has a narrow tooth back oriented in 
accordance with the outer link plate. The subsequent link plates are then 
constrained to run onto the larger chainwheel, and the teeth of the smaller 
chainwheel move out of the gap between the link plates of the tension chain 
segment and pull away downward. 

[Para 1 2] At the end of the shifting operation, when the tension segment of 
the chain changes directions slightly and jumps from the smaller chainwheel to 
the larger chainwheel, the axial displacement of the chain from the smaller to 
the larger chainwheel is completed with low noise in three stages. Firstly, an 
outer link plate comes into lateral contact against the reference tooth and the 
inner link plate presses laterally against the following tooth disposed adjacent 
the reference tooth. The last axial jump by the tension chain segment into its 
final position corresponding to the selected gear ratio occurs when inner link 
plate slides externally past the back of the following tooth before the chain 
capture tooth. Since an inner link plate that is narrow in relation to the outer 
link plate is in contact against the recessed tooth, the chain is in a position 
that is very close to its final course, so that only a very short distance remains 
for the third stage. For constant chain tension, the shorter the chain jump, the 
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less noise is produced. The axial displacement of the inner link plate over the 
last tooth after the reference tooth is shortened because of a lateral recess or a 
run-out chamfer. The recess is located on the front face of the larger 
chainwheel facing toward the smaller chainwheel. The depth of the recess 
approximately equals the thickness of a link plate. Alternatively, the recess 
may be replaced with a run-out chamfer located on an edge of the same tooth. 
The run-out chamfer extends from the tooth root, on an edge of the tooth 
facing toward the chain capture tooth, toward the back face of the tooth until 
it runs into the deflection chamfer. The recess and the run-out chamfer 
function to change the tooth located between the reference tooth and the 
chain capture tooth into a "non-shifting" tooth or "non-chain capture" tooth, 
thereby facilitating run-off at the beginning of the shifting operation and 
shortening of the axial shifting displacement of the inner link plate over the 
last tooth to reduce the shifting noise. 

[Para 1 3] If, on the other hand, an inner link plate arrives next to the 
reference tooth, it cannot take hold because the reference tooth has a recess; 
the following outer link plate cannot take hold either and pivots laterally onto 
the following tooth disposed adjacent the reference tooth opposite drive 
rotation direction that has either a deflection chamfer or a recess. If the 
following tooth has a deflection chamfer rather than a recess, the shifting 
operation does not occur at this point. The shifting operation occurs only at 
the next tooth group of the larger chainwheel, when an outer link plate is next 
to the reference tooth. 

[Para 14] If the following tooth has a recess, the shifting operation does 
occur at that point because after the inner link plate failed to take hold on the 
reference tooth, it pivots laterally onto the following tooth having the recess. 
With this configuration, the outer link plate subsequent to the inner link plate 
contacts the run-on ramp defined by the recess and the tooth flank following 
it, between the first and the second tooth after the reference tooth, resulting in 
the inner link plate that follows being raised to a higher radial level. This inner 
link plate thus laterally touches the upper, chamfered region of the second 
tooth after the reference tooth. The chain now runs into the larger chainwheel 
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and the gap of the following outer link plate pair then travels over the chain 
capture tooth. The chain capture tooth has a recess on the back face facing 
the next larger chainwheel that forms a shifting lane for the outer link plate. 
The following tooth also has a recess, or is narrower, on the back face in order 
to facilitate run-in of the following inner link plate. The following chain link 
plates are then constrained to run onto the larger chainwheel, and the tension 
chain segment pulls away from the teeth of the smaller chainwheel. 

[Para 1 5] At the end of the shifting operation, when the tension segment of 
the chain slightly changes directions and jumps from the smaller to the larger 
chainwheel, the chain's axial displacement of the chain from the smaller to the 
larger chainwheel is completed with little noise and in three stages. Firstly, an 
outer link plate comes into lateral contact against the following tooth having a 
recess and rubs past it with almost no noise. The inner link plate then presses 
laterally against the upper, chamfered region of a third tooth disposed 
adjacent the following tooth opposite the drive rotation direction after the 
reference tooth and slides up on it to the tooth back. The last axial jump of 
the tension chain segment into its final position corresponding to the selected 
gear ratio occurs when the tooth back, extending obliquely with respect to the 
back face of the larger chainwheel, of the tooth located before the chain 
capture tooth slides externally past the inner link plate. Since an inner link 
plate, having an inner link plate spacing that is narrower in relation to the 
outer link plate spacing, is in contact against the chamfered tooth, and finally 
detaches from the tooth back at the back face of the larger chainwheel, the 
chain is in a position very close to is final course. Only a very short axial 
distance therefore remains for the third stage, when the lower edge of the 
inner link plate slides over the tooth back that extends to the back face of the 
larger chainwheel. Here again, a short stage has a positive effect on the 
shifting noise that is produced. For a constant chain tension, the shorter the 
chain jump that still remains, the less the noise is. The axial displacement of 
the inner link plate over the last tooth, the tooth before the respective chain 
capture tooth, is shortened byway of an oblique tooth back extending to the 
back face of the larger chainwheel. 
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[Para 1 6] Since the last contact point of the inner link plate against the 
obliquely extending tooth back is located close to the back face of the larger 
chainwheel, the axial chain displacement still remaining before the chain 
assumes its final course after the shifting operation is greatly decreased, and 
the shifting noise is thus reduced. 

[Para 1 7] A further minimization of the shifting noise and of the axial chain 
displacement still remaining when the inner link plate detaches from the tooth 
that is located before the chain capture tooth in the drive rotation direction is 
achieved by displacing the last axial contact point on the inner link plate. With 
the present invention, the last contact of the outer edge of the inner link plate 
on the edge of the tooth back directed toward the smaller chainwheel is 
displaced as far as possible in the direction of the back face of the larger 
chainwheel. 

[Para 1 8] In another embodiment of the present invention, a further 
shortening of the end of the shifting operation, when the chain jumps over the 
last tooth before the chain capture tooth, is achieved with a feature on the 
inner link plate. An outer surface of the inner link plate is chamfered or 
rounded such that the last contact point between the inner link plate and the 
tooth back of the tooth before the chain capture tooth is displaced from the 
outer edge farther toward the inner edge. This chamfering on the outer 
surface of the inner link plate begins at a transition from a convex outer 
contour of the inner link plate to a concave outer contour, the central region of 
the link plate, and ends at a transition from the concave outer contour to the 
convex outer contour. The chamfer exhibits, in the central region of the inner 
link plate, an almost straight-line profile of the transition line that is defined 
by the chamfer surface and the remaining unchamfered link plate surface. As 
a result, the cross section of the central region of the link plate, which is 
stressed in tension and torsion during the shifting operation, is not excessively 
weakened. This is especially important because the inner link plate already 
has a chamfer on its inner side in order to improve chain run-on onto the 
chainwheel teeth. Accordingly, this feature prevents the inner link plate from 
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jumping abruptly over the corresponding tooth edge but instead slides 
smoothly over the tooth back and out of the tooth region. 

[Para 1 9] The above low-noise reduction features may be individually 
provided to reduce shifting noise. However, a combination of the features may 
be provided to reduce the noise during shifting a chain from a smaller 
chainwheel to a larger chainwheel. At the end of the shifting operation, for 
example, when the tension chain segment shifts from the smaller to the larger 
chainwheel, the undesired contact of both an outer link plate and an inner link 
plate with an unprepared tooth is prevented by way of skillfully arranged 
recesses on the reference tooth and a deflection chamfer or recess on a 
following tooth disposed adjacent the reference tooth. It is additionally 
possible, as a result of the recess on the reference tooth and the recess or 
run-out chamfer on the following tooth, for the chain to get as close as 
possible to the back face of the larger chainwheel. The axially proceeding shift 
jump of the inner link plate over the corresponding tooth back of the tension 
chain segment is moreover additionally reduced by chamfering the outer side 
of the inner link plates. This chamfering or rounding on the inner link plate 
moreover yields a smooth transition by the chain into the new chain course 
established after a successful shifting operation. 

[Para 20] In summary, the following features are proposed in order to reduce 
the shifting noise occurring at the end of the shifting operation from the 
smaller to the larger chainwheel: 

[Para 21] providing a recess on the reference tooth and a deflection chamfer 
or a recess on the following tooth disposed adjacent the reference tooth, in 
order to prevent the reference tooth and the following tooth from becoming a 
chain capture tooth at the beginning of the shifting operation; 

i. providing a recess on the reference tooth and a run-out 

chamfer or a recess on the following tooth, so that the shortest 
possible axial displacement remains at the end of the shifting 
operation for the chain's jump over the tooth positioned before 
the chain capture tooth; 
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ii. providing a chamfer on a central region of an outer surface of 
the inner link plate contour, in order to decrease and slidingly 
initiate the remaining chain jump over the tooth back of the 
tooth arranged before the chain capture tooth; 

iii. combining the proposed features on the reference tooth and 
the next tooth of the larger chainwheel with the chamfer on 
the outer surface of the inner link plates. 

[Para 22] These and other features and advantages of the present invention 
will be more fully understood from the following description of certain 
embodiments of the invention, taken together with the accompanying 
drawings. 

Brief Description of the Drawings 
[Para 23] In the drawings: 

[Para 24] FIG. 1 is a partial front view of a larger chainwheel having a recess 
on a reference tooth and a following tooth disposed adjacent the reference 
tooth having deflection and run-out chamfers in accordance with one 
embodiment of the present invention; 

[Para 25] FIG. 2 is a partial front view of the larger chainwheel of FIG. 1 , a 
smaller chainwheel and a chain having an outer link plate alongside the 
reference tooth; 

[Para 26] FIG. 3 is a plan view of the chain sequence of FIG. 2; 

[Para 27] FIG. 4 is a partial front view of the larger chainwheel of FIG. 1 , the 
smaller chainwheel and the chain having an inner link plate alongside the 
reference tooth; 

[Para 28] FIG. 5 is a plan view of the chain sequence of FIG. 4; 

[Para 29] FIG. 6 is a partial front view of a larger chainwheel having a recess 
on the reference tooth and the following tooth in accordance with another 
embodiment of the present invention; 
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[Para 30] FIG. 7 is a partial front view of the larger chainwheel of FIG. 6, the 
smaller chainwheel and the chain having an outer link plate alongside the 
reference tooth; 

[Para 31 ] FIG. 8 is a plan view of the chain sequence of FIG. 7; 

[Para 32] FIG. 9 is a partial front view of the larger chainwheel of FIG. 6, the 
smaller chainwheel and the chain having an inner link plate alongside the 
reference tooth; 

[Para 33] FIG. 1 0 is a plan view of the chain sequence of FIG. 9; 

[Para 34] FIG. 1 1 is a portion of a chain having inner link plates that are 
chamfered on an outer surface of the inner link plate in accordance with 
another embodiment of the present invention; 

[Para 35] FIG. 1 2 is a perspective view of one of the inner link plates of FIG. 
1 1 ; and 

[Para 36] FIG. 1 3 is a cross-sectional view of a larger chainwheel and a pair of 
inner link plates of a chain before the chain jumps to a final position at the end 
of a shifting operation. 



Detailed Description 

[Para 37] FIGS. 1 -5 shows a chainwheel assembly including at least one 
smaller chainwheel 1 1 and at least one larger chainwheel 1 in accordance with 
one embodiment of the present invention. The chainwheels 1,11 are 
engageable by a chain 1 2 that is made up of successive pairs of inner and 
outer link plates 13,14 arranged in alternating sequence. The link plates 1 3, 
1 4 are connected by pins 1 6 and the pins 1 6 are surrounded by rollers 1 5. 
The larger chainwheel 1 and the smaller chainwheel 1 1 are oriented relative to 
each other such that a distance between a center of a chain roller 34 
positioned between a pair of adjacent teeth on the larger sprocket 1 and the 
center of a chain roller 32 between a pair adjacent teeth on the smaller 
chainwheel 1 1 is substantially an integer multiple of the chain pitch. The 
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larger chainwheel 1 includes at least one tooth group that includes a first tooth 
or reference tooth 3 and a second or following tooth 4 disposed adjacent the 
reference tooth 3 opposite the drive rotation direction 10. The reference tooth 
3 includes a recess 2 and the following tooth 4 includes a run-out chamfer 6. 
This tooth group may be provided more than once on the periphery of the 
large chainwheel 1 . 

[Para 38] The larger chainwheel 1 is not necessarily the largest chainwheel of 
the chainwheel assembly, but is merely larger than the smaller chainwheel 1 1 
from which the chain 1 2 is shifted onto the adjacent larger chainwheel 1 . 
Recess 2 of the reference tooth 3 is located on a front face 36 of the larger 
chainwheel 1 facing the smaller chainwheel 1 1 . The depth of the recess 2 
approximately equals the thickness of the link plate. The recess 2 tapers off at 
a tooth root 8 between the reference tooth 3 and the following tooth 4. 
Recess 2 defines, together with the flank 38 of the following tooth 4 facing 
toward the reference tooth 3, a run-on ramp 7 that enables the bracing of the 
outer link plate 1 3 at the beginning of the shifting operation. In addition to 
the recess 2, the reference tooth 3 has a deflection chamfer 5 that is very 
pronounced at the beginning of the reference tooth 3, in the drive rotation 
direction 10, and then tapers off toward the back 40 of the tooth 3. The 
following tooth 4 includes a deflection chamfer 5 that extends approximately 
parallel to a tooth back 42 which is either contiguous to the back face of the 
larger chainwheel directed toward the next larger chainwheel or located in very 
close proximity thereto. The recess 2 on the reference tooth 3 and the 
deflection chamfers 5 on the reference and following teeth 3, 4 prevent the 
respective tooth 3, 4 from penetrating into the gap between the pair of outer 
link plates, thus making both teeth 3, 4 into non-chain capture or non- 
shifting teeth. The following tooth 4 further includes a run-out chamfer 6 
disposed on an edge 44 of the following tooth 4 facing away from the 
reference tooth 3. The run-out chamfer 6 begins at a tooth root 46 between a 
third or chain capture tooth 9 and the following tooth 4 and extends outward 
to the tooth back 42 or transitions into the deflection chamfer 5. The run-out 
chamfer 6 becomes wider toward the tooth back 42, and the following tooth 4 
becomes increasingly thinner in the region of the chamfer 6. On the one hand 
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this run-out chamfer 6 defines a shifting lane to the adjacent chain capture 
tooth 9; and on the other hand, at the end of the shifting operation, an inner 
link plate 1 4 slides up on the chamfer 6 until it finally, in the immediate 
vicinity of the back face of the larger chainwheel 1 Jumps over the tooth back 
45. The chain capture tooth 9 has a recess on the back face extending to the 
tooth root that is a continuation of the shifting lane. 

[Para 39] FIG. 2 shows the smaller chainwheel, the larger chainwheel of FIG. 1 
and only the front inner and outer link plates 13, 1 4 of the chain 1 2 are 
shown; the rear inner and outer link plates are not depicted. The chain 1 2 is 
being shifted from the smaller chainwheel 1 1 to the larger chainwheel 1 and 
an outer link plate 1 3 is engaged alongside the reference tooth 3 of the larger 
chainwheel 1 . By definition, the reference tooth 3 is the first tooth before the 
tooth space on the larger chainwheel 1 that a chain link would fit at the 
beginning of the shift operation when a chain segment rubs past the larger 
chainwheel 1 . In FIG. 2, the first chain roller 32 is still engaged with the 
smaller chainwheel 1 1 , whereas a third chain roller 34 would fit into the tooth 
space between the reference tooth 3 and the following tooth 4. The first two 
chain rollers 32, 33 are joined to one another by inner link plates 14. The 
outer link plate 1 3 braces against the run-on ramp 7, having been prevented 
by deflection chamfer 5 from climbing over the reference tooth 3. This run-on 
ramp 7 is defined by the recess 2 and is located on the front face 36 of the 
larger chainwheel 1 facing the smaller chainwheel 1 1 . The outer link plate 1 3 
braces against the run-on ramp 7 and brings the following inner link plate 1 4 
to the level of the reference circle on the larger chainwheel 1 . The run-out 
chamfer 6 on the following tooth 4 allows the inner link plate 1 4 to make a 
first axial step toward the larger chainwheel 1 . The following outer link plate 
1 3 then travels over chain capture tooth 9, which has a recess on the back face 
of the larger chainwheel 1 that functions as an extension of the run-out 
chamfer 6 of the preceding tooth. The following inner link plates, and further 
chain links of chain 1 2, then run automatically onto the larger chainwheel 1 . 

[Para 40] At the end of the shifting operation, the tension segment of the 
chain 1 2 pulls away from the smaller chainwheel 1 1 . The outer link plate 1 3 
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slides up on the recessed reference tooth 3 and the inner link plate 14 slides 
along the run-out chamfer 6 toward the back face, as far as the tooth back 42 
of the following tooth 4. The tension segment of the chain 1 2 then jumps over 
the tooth back 45 and assumes its final position corresponding to the selected 
gear ratio. During this shifting operation, the inner link plate 14 travels along 
the run-out chamfer 6 from the front face on the tooth root 8 of the following 
tooth 4 to the tooth back 42, which is located in the immediate vicinity of the 
back face of the larger chainwheel 1 . The axial displacement required for the 
chain jump and the shifting noise associated therewith, are thereby reduced. 

[Para 41 ] FIG. 3 shows the chain sequence of FIG. 2 in plan view and the chain 
1 2 is depicted as transparent (except for rollers 1 5) for better understanding. 
The chain 1 2 is shifting from the smaller chainwheel 1 1 to the larger 
chainwheel 1 . The chain transition segment extends from a chain roller 32 
that is the last chain roller to fit between the two teeth of the smaller 
chainwheel 1 1 to a chain roller 34 that is the first to fit between two teeth of 
the larger chainwheel 1 . The first tooth on the larger chainwheel 1 before the 
space into which the chain roller 1 5 would optimally fit during the shifting 
operation is the reference tooth 3, and the chain capture tooth 9 is the first 
tooth to penetrate between an outer link plate pair 1 3. Upon the chain 1 2 
being laterally displaced by the derailleur toward the larger chainwheel 1 , the 
outer link plate 1 3 arrives at the reference tooth 3. The recess 2 and the 
deflection chamfer 5 on the reference tooth 3 prevent the outer link plate 1 3 
from getting over the reference tooth 3, i.e. prevents the reference tooth 3 
from inserting into the gap between the pair of outer link plates 1 3. The 
deflection chamfer 5 on the following tooth 4 likewise prevents the chain 1 2 
from getting over the tooth back with the following inner link plate 1 4. The 
chain capture tooth 9 is the first to fit between the following outer link plate 
pair 1 3, thus forcing the remainder of the chain 1 2 to follow onto the larger 
chainwheel 1 . Located on the back of the chain capture tooth 9 and of the 
next tooth, respectively, is a recess 2 or a corresponding chamfer that, 
together with run-out chamfer 6, define a combined shifting lane. 
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[Para 42] At the end of the shifting operation, when the tension segment of 
the chain 1 2 pulls away from the smaller chainwheel 1 1 , the outer link plate 1 3 
slides past the recess 2 almost with no noise. The following inner link plate 1 4 
brushes along the run-out chamfer 6 to the tooth back. Inner link plate 1 4 or 
chain 1 2 covering an axial distance in this context, so that the jump over the 
tooth back 45 is not so large; this contributes to reducing the shifting noise. 

[Para 43] FIG. 4 shows the smaller chainwheel 1 1 , the larger chainwheel 1 of 
FIG. 1 and the chain that is being shifted from the smaller chainwheel 1 1 to 
larger chainwheel 1 . The inner link plate 1 4 of chain 1 2 is shown engaged 
alongside reference tooth 3 of the larger chainwheel 1. As the chain 12 is 
shifting from the smaller chainwheel 1 1 to the larger chainwheel 1 , a portion 
of the chain forms the chain transition segment. The inner link plate 14 pivots 
laterally past the reference tooth 3 and the following outer link plate 1 3 is 
prevented by the deflection chamfer 5 from climbing over the following tooth 
4, resulting in the outer link plate 1 3 laterally displacing past the following 
tooth 4. The inner link plate 1 4 also does not fit over the tooth back of the 
chain capture tooth 9 after the reference tooth 3. The shifting operation does 
not occur at this tooth group but occurs only when the outer link plate 1 3 is 
once again laterally alongside the next reference tooth 3. The shifting 
operation then proceeds as it has been explained in the description of FIG. 2. 

[Para 44] FIG. 5 shows the chain sequence of FIG. 4 in plan view and depicts 
chain 1 2 as transparent, except for the rollers 1 5, for better understanding. 
The chain 1 2 is shifting from the smaller chainwheel 1 1 and the larger 
chainwheel 1 . The chain 1 2 is being laterally displaced by the derailleur (not 
shown), toward the larger chainwheel 1 , causing the inner link plate 1 4 to 
laterally displace against the reference tooth 3. The recess 2 and the 
deflection chamfer 5 on the reference tooth 3, and the set-back position of the 
inner link plate 1 4 with respect to the outer link plate 1 3, prevent the inner 
link plate 14 from getting over the reference tooth 3, and the reference tooth 3 
from inserting into the space between the inner link plate pair 14. The 
deflection chamfer 5 on the following tooth 4 likewise prevents the following 
tooth 4 from inserting between the outer link plates 1 3 of the chain 1 2. The 
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following inner link plate 1 4 and the outer link plate 1 3 likewise do not get 
over the tooth backs 42, 43 of the second and the third teeth after the 
reference tooth 3. This shifting operation is therefore not successful at this 
chainwheel segment of the larger chainwheel 1 , but succeeds only when the 
outer link plate 1 3 is once again laterally engaged against the next reference 
tooth 3. The shifting operation then proceeds as has been explained in the 
description of FIGS. 2 and 3. 

[Para 45] FIG. 6 shows a portion of a larger chainwheel with a recess 2 on the 
reference tooth 3 and the following tooth 4 in accordance with another 
embodiment. The tooth group, including the first or reference tooth 3 and the 
second or following tooth 4 disposed adjacent to the reference tooth 3 
opposite drive rotation direction, may be arranged more than once on the 
periphery of the larger chainwheel 1 . The recess 2 on the reference tooth 3 is 
disposed on the front face 36 of the larger chainwheel 1 facing the smaller 
chainwheel 1 1 and extends from the tooth region to approximately the root 
circle of the adjacent smaller chainwheel 1 1 . The depth of the recess 2 
approximately equals the thickness of the link plate. The recess 2 on the 
reference tooth 3 defines a run-on ramp 7 that tapers off at a tooth root 8 of 
the following tooth 4. The run-on ramp 7 allows the bracing of the outer link 
plate 1 3 at the beginning of the shifting operation. The recess 2 on the 
following tooth 4 likewise defines a run-on ramp 7 together with the following 
tooth flank 48. Alternatively, one combined recess extending over the two 
teeth may be provided rather than two adjacent recesses arranged 
independently of one another. 

[Para 46] The deflection chamfer 5 on the reference tooth 3 and on the 
following tooth 4 is pronounced at one edge 50, 52 (viewed in the rotation 
direction 1 0) of the respective tooth 3, 4, and tapers off toward the tooth 
backs 54, 56 on opposite edges 58, 60 of the respective tooth 3, 4. The 
recess 2 and the deflection chamfer 5 prevent the respective tooth from 
inserting between the outer link plates 1 3, resulting in both teeth, the 
reference and the following teeth 3, 4, acting as non-chain capture or non- 
shifting teeth. A third tooth 30 adjacent the second or following tooth 4 
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opposite the drive rotation direction includes a run-out chamfer 6 on a front 
face of the tooth 30. The chamfer 6 extends and becomes wider from the 
tooth root 8 to the tooth back. The inner link plate 14 slides up on the run- 
out chamfer 6 at the end of the shifting operation until the inner link plate 1 4, 
in the immediate vicinity of the back face of the larger chainwheel 1 , jumps 
over the tooth back. The chamfer 6 also functions as a shifting lane for the 
chain capture tooth 9. The chain capture tooth 9 has on the back face of the 
larger chainwheel 1 a recess extending to the tooth root 8 that continues the 
shifting lane. 

[Para 47] FIG. 7 shows the smaller chainwheel 1 1 , the larger chainwheel 1 of 
FIG. 6 and the outer link plate 1 3 of the chain 1 2 alongside the reference tooth 
3 of the larger chainwheel 1 . The chain 1 2 is being shifting from the smaller 
chainwheel 1 1 to the larger chainwheel 1 , thereby a portion of the chain 1 2 
forming a chain transition segment. The deflection chamfer 5 and the recess 2 
prevent the outer link plate 1 3 from getting over the tooth back 54 of the 
reference tooth 3. The outer link plate 1 3 slides laterally along the recess 2 to 
the run-on ramp 7 and braces itself thereagainst. The recess 2 defines the 
run-on ramp 7 that is located on the front face 36 of the larger chainwheel 1 
facing the smaller chainwheel 1 1 . The depth of the recess 2 approximately 
equals the thickness of the link plate. The outer link plate 1 3, bracing against 
run-on ramp 7, brings the following inner link plate 1 4 to the level of the 
reference circle on the larger chainwheel 1 . The recess 2 on the following 
tooth 4 allows the inner link plate 1 4 to make a first axial step toward the 
larger chainwheel 1 . The following outer link plate 1 3 then gets over the third 
tooth 30 that functions as the chain capture tooth and is equipped on the back 
face of the larger chainwheel 1 with a chamfer or a recess that assists the run- 
on of the outer link plate 1 3. The following inner link plates and further chain 
links of chain 1 2, then automatically run onto the larger chainwheel 1 . 

[Para 48] At the end of the shifting operation, the tension segment of the 
chain 1 2 pulls away from the smaller chainwheel 1 1 . The chain 1 2 changes its 
track when the outer link plate 1 2 slides up on the recessed reference tooth 3, 
and the inner link plate 14 slides along recess 2 to the tooth back 56 of the 
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following tooth 4. The tension segment of the chain 1 2 then jumps over the 
tooth back 61 and assumes the final position corresponding to the selected 
gear ratio. The inner link plate 1 4 travels along recess 2 from the front face 
on the tooth root 8 of the following tooth 4 to the tooth back 56 that is 
located in the immediate vicinity of the back face of the larger chainwheel 1 . 
The axial displacement still required for the chain jump, and the shifting noise 
associated therewith, are thereby reduced. 

[Para 49] FIG. 8 shows the chain sequence of FIG. 7 in plan view and depicts 
the chain, except for the rollers 1 5, as transparent for better understanding. 
The chain 1 2 is being shifted by a derailleur (not shown) toward the larger 
chainwheel 1 , resulting in the outer link plate 1 3 arriving at the reference tooth 
3. The recess 2 and the deflection chamfer 5 on the reference tooth 3 prevent 
the reference tooth 3 from inserting into the gap between the outer link plate 
pair 1 3. The recess 2 and the deflection bevel 5 on the following tooth 4 
likewise prevent the following inner link plate 14 of the chain 12 from getting 
over the tooth back 56. The chain capture tooth 30 is the first to penetrate 
successfully between the following outer link plate pair, thereby forcing the 
remainder of the chain to follow onto the larger chainwheel 1 . The run-out of 
the chain 1 2 is facilitated by further recesses 2 on the back face of the chain 
capture tooth 30 and of the next tooth. This creates, together with recess 2, a 
shifting lane for the corresponding chain link plates. 

[Para 50] At the end of the shifting operation, when the tension segment of 
the chain 1 2 pulls away from the smaller chainwheel 1 1 , the outer link plate 1 3 
slides past recess 2 almost noiselessly. The following inner link plate 14 
brushes along recess 2 to the tooth back 56 of the following tooth 4. The 
inner link plate 1 4 is thereby already starting an axial displacement toward the 
final chain position, so that the jump of the chain 1 2 over the tooth back 61 is 
not so large, and the shifting noise is reduced. 

[Para 51] FIG. 9 shows the smaller chainwheel 1 1 , the larger chainwheel 1 and 
the chain being shifted from the smaller chainwheel 1 1 to the larger 
chainwheel 1 . The inner link plate 1 4 of the chain 1 2 is engaged alongside the 
reference tooth 3 of the larger chainwheel 1 . In this embodiment of the 
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invention, the reference tooth 3 and the following tooth 4 have a recess 2. As 
the chain 1 2 shifts from the smaller chainwheel 1 1 to the larger chainwheel 1 , 
a portion of the chain 12 forms a chain transition segment. The inner link 
plate 14 laterally displaces past the reference tooth 3. The following outer link 
plate 1 3 is prevented by the deflection chamfer 5 from climbing over the 
following tooth 4, and laterally displaces past the following tooth 4 until it 
braces against run-on ramp 7 defined by the recess 2 and the tooth flank 48 
following it. As a result, the following inner link plate 14 arrives at the level of 
the reference circle of the larger chainwheel 1 . The run-out chamfer 6 on the 
third tooth 30 defines a shifting lane that allows that inner link plate 14 to 
make a first axial step toward the larger chainwheel 1 . The following outer 
link plate 1 3 then gets over the chain capture tooth 9 that has a chamfer or 
recess on the back face of the tooth 9 that functions as an extension of the 
shifting lane of the preceding tooth. The following inner link plate 14 and the 
further chain links of chain 1 2, then run automatically onto the larger 
chainwheel 1 . 

[Para 52] At the end of the shifting operation, the tension segment of the 
chain 1 2 rotates away from the smaller chainwheel 1 1 . This occurs, when the 
outer link plate 1 3 slides up on the recessed following tooth 4 and the 
following inner link plate 14 slips along the run-out chamfer 6 on the third 
tooth 30 to the tooth back 61 , in the process moving toward the back face of 
the larger chainwheel 1 . The tension segment of the chain 1 2 then jumps over 
the tooth back 62 and assumes its final position corresponding to the selected 
gear ratio. The inner link plate 14 travels along the run-out chamfer 6 from 
the front face on the tooth root 8 of the tooth arranged before the chain 
capture tooth 9 to the tooth back 61 located in the immediate vicinity of the 
rear surface. The axial travel still required for the chain jump, and the shifting 
noise associated therewith, are thereby reduced. 

[Para 53] The above embodiment, having two adjacent recesses 2 on the 
reference tooth 3 and the following tooth 4, has an advantage over the 
embodiment shown in FIG. 4, having a recess 2 on the reference tooth 3 and a 
deflection chamfer 5 and a run-out chamfer 6 on the following tooth 4, which 



Page 20 of 37 



is the shifting operation from the smaller chainwheel 1 1 to the larger 
chainwheel 1 is successful every time, i.e. even when an inner link plate 14 is 
present alongside the reference tooth 3 at the beginning of the shifting 
operation. 

[Para 54] FIG. 1 0 shows the chain sequence of FIG. 9 in plan view and depicts 
the chain 1 2, except the rollers 1 5, as transparent for better understanding. 
The chain 1 2 is being shifted by a derailleur (not shown) toward the larger 
chainwheel 1 , causing the inner link plate 1 4 to arrive alongside the reference 
tooth 3. The recess 2 and the deflection chamfer 5 on the reference tooth 3 
and the narrow spacing between the inner link plates 14 prevent the reference 
tooth 3 from fitting into the space between the inner link plates 14. The 
recess 2 and the deflection chamfer 5 on the following tooth 4 likewise prevent 
the outer link plate 1 3 of the chain 1 2 from getting over the tooth back 56. 
The next inner link plate 1 4 also rubs past the third tooth 30. The chain 
capture tooth 9 is the first to fit successfully between the following pair of 
outer link plates 1 3, thereby also forcing the remainder of the chain 1 2 to 
follow onto the larger chainwheel 1 . The run-on of the chain 1 2 is facilitated 
by further recesses 2 on the back face of the chain capture tooth 9 and of the 
next tooth. This creates, together with the run-out chamfer 6, a shifting lane 
for the corresponding chain link plates. 

[Para 55] At the end of the shifting operation, when the tension segment of 
the chain 1 2 pulls away from the teeth of the smaller chainwheel 1 1 , the outer 
link plate 1 3 slides past recess 2 of the following tooth 4 almost noiselessly. 
The following inner link plate 14 brushes along run-out chamfer 6 to the tooth 
back of the tooth located before the chain capture tooth 9. The inner link 
plate 1 4 is thereby already starting an axial displacement toward the final 
chain position, so that the jump of the chain 1 2 over the tooth back 62 is not 
too large, and the shifting noise is thereby reduced. 

[Para 56] FIG. 1 1 shows a portion of chain 1 2 having externally chamfered 
inner link plates 14 in accordance with another embodiment of the present 
invention. The chain 1 2 is made up of chain rollers 1 5 that are located 
between inner link plates 14 and the outer link plates 1 3. The link plates 1 3, 
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1 4 and chain rollers 1 5 are held together by link pins 1 6. The ends of the pins 
1 6 are riveted in the region of the outer link plates 1 3. The inner surfaces of 
the inner link plates 14 have inner chamfers 22 located in the central region of 
the inner side to allow the teeth on the chainwheel to be inserted smoothly 
into the chain gaps. The inner link plates 14 are also chamfered on an outer 
surface of the inner link plate 14. The link plate chamfers 1 7 are arranged 
symmetrically, and begin where the convex outer contour of the link plate 
transitions into the central concave outer contour and ends where the concave 
outer contour of the link plate transitions into the convex outer contour. After 
the link plate chamfer 1 7 has reached its maximum width or depth, it 
continues at a constant depth in the central region of the inner link plate 14. 
The result is to create a straight central portion of link plate chamfer 1 7 on the 
outer surface of the link plate. In the assembled state, the link plate chamfers 
1 7 extend from one outer link plate 1 3 to the other. All that remains of the 
original outer surface of the inner link plate 14 is a narrow ridge in the central 
region of the link plate. The inner chamfer 22 and outer chamfer 1 7 on the 
outer edge of the inner link plate 14, form in the central region of the link 
plate as either one combined edge or two closely adjacent edges that, when 
rounded off, appear as one line. 

[Para 57] FIG. 1 2 shows outer chamfers 1 7 on the outer edge of the inner link 
plate 14. The flat surface on the ends of the inner link plate 14 is penetrated 
by two pin orifices 1 8. The outer chamfers 1 7 extend on both sides over the 
central region of the inner link plate 14, and begin where the convex outer 
contour of the link plate transitions into the central concave outer contour and 
end where the concave outer contour of the link plate transitions into the 
convex outer contour. In the central region of the link plate, the chamfers 1 7, 
as well as the remaining flat outer surface of inner link plate 1 4, exhibit a 
straight-line chamfer profile 1 9. This results in a long chamfer length with an 
approximately constant link plate cross section. The largest possible chamfer 
depth is critical in terms of reducing shifting noises; it extends from the link 
plate surface approximately to the inner chamfer edge 20. An outer 
chamfered edge 21 and the inner chamfered edge 20 are thus located close to 
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one another and, if these edges are additionally rounded off, can form a 
combined narrow link plate edge. 

[Para 58] FIG. 1 3 shows a cross-sectional view of the larger chainwheel 1 , the 
pair of inner link plates 1 4, the pair of outer link plates 1 3 and the chain roller 
1 5 before the chain jumps from the smaller chainwheel 1 1 onto the larger 
chainwheel 1 into its final position at the end of the shifting operation. The 
inner link plate 14 is in contact on the inside, with the link plate edge of the 
central side plate region or with outer chamfer edge 21 , against the tooth back 
arranged before the chain capture tooth. The outer chamfer edge 21 is 
defined by the outer chamfer 1 7 and the inner chamfer 22. The inner link 
plate 1 4 slides along the outer chamfer 1 7 in the axial direction over the tooth 
back. Because of the run-out chamfer 6 and the deflection chamfer 5, the 
tooth back is already located in the immediate vicinity of the back face of the 
tooth. In this position, the outer surface of the inner plate 14 is in the 
immediate vicinity of the notional line to the back face of the larger chainwheel 
1 . The inner link plate 1 4 and the chain 1 2 have now traveled the maximum 
possible axial distance toward the final chain position before they jump over 
the tooth back. The remaining axial chain travel before the chain is resting 
entirely on the larger chainwheel 1 is thus minimized by way of outer chamfer 
17. 

[Para 59] While this invention has been described by reference to several 
embodiments, it should be understood that numerous changes could be made 
within the spirit and scope of the inventive concepts described. Accordingly, it 
is intended that the invention not be limited to the disclosed embodiments, 
but that it have the full scope permitted by the language of the following 
claims. 



Page 23 of 37 



